Introduction
Oryza sativa L. (rice) is one of the most produced crops in the world (Khush 2003) . Rice has also become a major model monocot because of its importance as a crop, small genome size, established transformation methods, and high synteny with other cereals (Hiei et al. 1994 , Goff et al. 2002 , International Rice Genome Sequencing Project 2005 . In order to facilitate scientific research and molecular breeding for rice and other relevant plants, we have maintained the OryzaExpress web database (http://bioinf. mind.meiji.ac.jp/OryzaExpress/) since 2006 (Hamada et al. 2011) . Our central idea with OryzaExpress has been to provide an effective gene mining platform on the basis of information in functional annotations and similarities in expression profiles among genes. To that end, OryzaExpress, which was constructed using publically available microarray-based transcriptome data on rice, has provided comprehensive functional annotations and information on gene expression networks (GENs).
RNA sequencing (RNA-seq) has emerged as a popular method for comprehensive analysis of gene expression (Hrdlickova et al. 2016) , but the public microarray-based transcriptome data should be further exploited. In two major model plants in particular, rice and Arabidopsis thaliana (Arabidopsis), massive transcriptome experiments were performed using microarrays. Currently, approximately 5,000 and 12,000 microarray data points for rice and Arabidopsis, respectively, have been deposited and are available in the Gene Expression Omnibus database (GEO; Barrett et al. 2013) , while approximately 2,000 and 5,000 RNA-seq data points, respectively, are stored in the Sequencing Read Archive (SRA; Kodama et al. 2012) . Moreover, these microarray data include well-organized series of transcriptome data acquired under various experimental conditions and are provided by some databases such as RiceXPro (Sato et al. 2013) , RicePLEX (Dash et al. 2012) , UniVIO (Kudo et al. 2013) , and Arabidopsis eFP Browser (Winter et al. 2007 ). These circumstances motivated us not just to maintain OryzaExpress but Plant Cell Physiol. 58(1): e1(1-16) (2017) doi:10.1093/pcp/pcw208, available online at www.pcp.oxfordjournals.org ! The Author 2016. Published by Oxford University Press on behalf of Japanese Society of Plant Physiologists. All rights reserved. For permissions, please email: journals.permissions@oup.com also to enhance the platform for data mining using microarray data.
Recently, GEN analysis has been extended as a comparative approach to identify species-specific and conserved networks among species (Movahedi et al. 2011 , Netotea et al. 2014 , Ohyanagi et al. 2015 , Aoki et al. 2016a ). In such comparative GEN analysis, researchers have to pay careful attention to selection of the datasets used to construct GENs. When the experimental conditions used for selected data are inconsistent among species, the chance of identifying false-positive speciesspecific networks and false-negative conserved networks will be high. Furthermore, optimized selection of a dataset is crucial to obtain proper GENs even in a single species. For example, the rice glutamine synthetase 1;2 gene (OsGS1;2) and NADHdependent glutamate synthase 1 gene (OsNADH-GOGAT1) are both considered to function in the primary assimilation of ammonium in rice roots (Tabuchi et al. 2007 ). These genes show highly synchronized expression in both level and pattern after supply of ammonium to the roots (Tabuchi et al. 2007 ). On the other hand, in rice leaves, OsGS1;2 is expressed at only trace levels (<1 amol/mg total RNA) whereas OsNADH-GOGAT1 is expressed at a higher level (up to 6 amol/mg total RNA) (Tabuchi et al. 2007) . Hence, when expression data obtained from roots and leaves is used together to construct GENs, the functional relationship of the two genes may be overlooked. Taken together, comparative GEN analysis and single-species analysis require optimization of datasets depending on the purpose. However, the GEN information provided in public web databases is typically pre-calculated with datasets selected by developers. An analytical platform for GEN analysis where datasets are flexibly selectable by users is desired.
We herein introduce the PlantExpress web database (http:// plantomics.mind.meiji.ac.jp/PlantExpress/) as a platform for GEN studies with public microarray transcriptome data of rice and Arabidopsis. PlantExpress provides functionality to perform both single-species and cross-species GEN analysis using arbitrary sets of genes (probes) and microarray samples selected by the user.
Results

Overview
PlantExpress has two modes: one is for a single-species GEN analysis and the other is for cross-species GEN analysis (Fig. 1) . The single-species mode for rice was designated the new version of OryzaExpress (Hamada et al. 2011) , and the new singlespecies mode for Arabidopsis was designated ArthaExpress. In addition to the index page of PlantExpress ( Fig. 2A) , OryzaExpress and ArthaExpress have index pages. For ease of reference, the index page of PlantExpress is referred to as the 'top' page hereafter. Functions in OryzaExpress and ArthaExpress were specialized for the individual species. The single-species functions only access information on the species information stored in relational (MySQL) databases (Fig. 1) . In addition, the functions do not directly interact between OryzaExpress and ArthaExpress. All roles for searching and analyzing across the species are undertaken via functions in the cross-species mode (Fig. 1) . The functional modes and species are changed with a selector on a page head ( Fig. 2A) .
In both functional modes, users can create arbitrary sets of probes (genes) and microarray samples through search functions and save them on a 'MyList' page. The saved sets of probes and samples are stored as a 'Probe List' and 'Sample List', respectively, on the 'MyList' page. The information in the lists is Fig. 1 Functional relationship among single-species mode, cross-species mode, and stored information in PlantExpress. PlantExpress is composed of single-species modes for rice (OryzaExpress; green box on lower left) and Arabidopsis (ArthaExpress, blue box on lower right), and a cross-species mode (red box at top). The single-species mode for both species has five entries on the index pages: Advanced Search, BLAST, MyList, Gene Expression Network, and ID Converter. All functions implemented for the single-species mode only access the information of the relevant species: OryzaExpress requests only information on rice from databases (upward green arrow); ArthaExpress requests only information on Arabidopsis from databases (upward blue arrow). The top page of PlantExpress has seven options: Keyword Search, MyList, Gene Expression Network, Publication, Help, Download, and Link. The first three provide functionality for cross-species analyses. The MyList of both single-species and cross-species modes has the options of Probe List, Sample List, and Tools. The Probe List and Sample List are functions to store information on probes and microarray samples selected by users. While the MyList feature of the single-species mode stores information on selected probes and samples of the selected species; that of the crossspecies mode accesses information on both species (downward arrows). The various cross-species functions also request information on both rice and Arabidopsis. The Tools are a series of analytical functions that work with the user-selected probes and samples saved on the Probe List and Sample List, respectively. The analytical functions are specialized for each mode.
actually saved via the web browser on the local computer but not on the web server. Therefore, as long as the same computer is used with the same browser, the information is stored unless the website data are deleted. While the 'Probe List' and the 'Sample List' are not shared between the 'MyList' pages of OryzaExpress and ArthaExpress, those lists for both species are accessible from the 'MyList' page of the cross-species mode (Fig. 2B) . Besides the 'Probe List' and 'Sample List', the 'MyList' page offers a series of analytical functions labeled as 'Tools'. In the single-species mode, the 'Tools' provide functions for GEN analysis within a species; in the cross-species mode, the 'Tools' provide functions for comparative GEN analysis between rice and Arabidopsis.
Through the features mentioned above, PlantExpress assists users in performing single-species and comparative GEN analysis using arbitrary datasets in a graphical user interface. In the following sections, the information stored in PlantExpress and its general functions are first explained, and then the functions for GEN analysis are described in detail.
Microarray data stored in PlantExpress
PlantExpress currently stores microarray data obtained from 1,206 samples of 34 experimental series using the Agilent Rice Gene Expression 4x44K Microarray (accession no. GPL6864; rice_agil), 2,678 samples of 153 experimental series using the Affymetrix Rice Genome Array (GPL2025; rice_affy), and 10,939 samples of 797 experimental series using the Affymetrix Arabidopsis ATH1 Genome Array (GPL198; artha_affy). All of these experiments were performed by the one-color method. To gain reliable networks, we only employed gene-specific probes that show perfect identity with a unique gene (see Materials and Methods) . This criterion was satisfied by 34,342, 23,382, and 11,420 probes corresponding to 23,069, 19,910, and 11,358 genes on the rice_agil, rice_affy, and artha_affy microarrays, respectively.
In addition to the gene expression data, biological conditions used in the microarray experiments were stored in order to effectively and efficiently search for microarray samples acquired under particular conditions. The information on biological conditions was captured by manual curation in seven fields, namely, experiment type, tissue, developmental stage, genetic background, genetic modification type, genetic modification details, and details of treatment conditions. For instance, the 'experiment type' roughly indicates the purpose of the microarray experimental series, such as 'analysis of gene(s) function' or 'drought environment' (Supplementary Table S1 ). This curation clarified that the rice_agil, rice_affy, and artha_affy microarray samples respectively contain 12, 24, and 42 experiment types (Supplementary Table S1 ) and 22, 32, and 42 kinds of tissues (Supplementary Table S2 ). This indicates the extensive variation covered by the microarray data stored in PlantExpress.
Functional annotation of genes
Information on gene function is important for GEN analysis since the known functions of genes comprising a GEN give clues to predict unknown functions of genes in the same GEN. In addition to functional descriptions annotated in RAP-DB (Sakai et al. 2013 ) and TAIR (Lamesch et al. 2012) , PlantExpress provides four kinds of functional annotation of genes. Knowledge-based functional description, gene ontology (GO) terms, KEGG orthology (KO) terms, and information on protein family and domain based on searches of InterPro databases (Gene Ontology Consortium 2015, Mitchell et al. 2015 , Ohyanagi et al. 2015 , Kanehisa et al. 2016 ). The knowledgebased functional descriptions were prepared from scientific articles by manual curation following natural language processing (Ohyanagi et al. 2015) . In PlantExpress, this description is expressed with a subjective entry, an objective or complementary entry, and a predicate representing the relationship between the entries. An entry is typically a gene, protein, activity, chemical compound, biological process, environmental factor, disease, cultivar, nucleotide element, or localization. For example, in the description for the rice transcription factor OsNAC5 (Os11g0184900), the subjective entry is 'OsNAC5,' the predicate is 'up-regulated by', and another entry is 'natural (aging) and induced senescence processes' as extracted from a publication by Sperotto et al. (2009) . To date, 1,040 genes of rice and 2,187 of Arabidopsis have been manually annotated with one or more relationships.
Keyword search
The top page of PlantExpress has a keyword search function to search for three types of targets: genes, biological conditions used for microarray experiments (microarray samples), and knowledge-based functional descriptions (Fig. 3A) . In the keyword searches, query words separated by a space are recognized as independent search queries unless enclosed by single or double quotation marks. When the query is enclosed by quotation marks, a phrase search is performed. The operator for the search (an AND or OR search) is specified by selection with radio buttons (Fig. 3A) . This search function returns a table showing the number of hits in both species with hyperlinks to a search result page for each (Fig. 3B) .
The search result page is comprised of a submission form for a new search, one or two functions to handle the search result, and a table showing detailed information on the records hit by the keyword (Fig. 3C) In a table of the retrieved information, users may find 'magnifying glass' icons associated with some IDs such as GEO series IDs (Fig. 3C) . By clicking the icon, a keyword search using the associated ID as a query is performed. For example, when a microarray sample search result shows samples treated with a chemical compound, users may search for control (mock-treated or time 0) samples within the same series. In such a case, the 'magnifying glass' icon is the quickest way to identify the control samples.
A search result of a gene or microarray sample can be saved as a list on a 'MyList' page or as a tab-separated values (TSV) file in the user's local storage. The quickest way to save the result in the 'MyList' is by clicking the 'ADD SEARCH RESULT TO MYLIST' button appearing after a keyword search on the top page of PlantExpress (Fig. 3B) . To save the result in 'MyList' after filtering or in a TSV file, users need to navigate to the detailed search result page. Above the result table on the search result page, the 'ADD TO LIST' button will save it in the 'MyList' and the 'DOWNLOAD' button will save it as a TSV file. These save functions give three choices for determining targets depending on the filtering and page display settings of the table (Fig. 3C) . When 'All' is selected, all genes or microarray samples in the search result are saved regardless of the current settings of filtering and pages. When 'Shown' is selected, the genes or microarray samples currently displayed on the page are saved as specified by both filtering and page settings. When 'Filtered' is selected, all genes or microarray samples that have passed the current filtering are saved. To save a gene or microarray sample individually, the 'shopping cart icon' located next to each probe ID or sample ID can be clicked. In any case, the name of the list where the gene(s) or microarray sample(s) are to be saved must be selected from existing lists or be given a new name.
The index pages of OryzaExpress and ArthaExpress also have a quick search function to search by keywords for genes, biological conditions of microarray samples, and knowledge-based functional descriptions ( Supplementary Fig. S1 ). Again, words separated by a space are recognized as independent search queries unless enclosed by single or double quotation marks. This quick search function always carries out an 'AND' search. To search for other conditions, users are directed to an advanced search page (Fig. 3D) . On the advanced search page, conditions can be set to determine whether a query phrase must be contained (AND), may be contained (OR), or must not to be contained (NOT) (Fig. 3D) . Furthermore, in addition to the search targets, types of information (fields) assigned to the search target are also selectable. For instance, in a search for genes, the selectable fields are microarray probe ID, RAP-DB locus ID, other related ID or name, functional description, GO terms, KO terms, protein domain, knowledge-based functional description, or all of these.
Sequence similarity search with BLAST algorithm
A BLAST search function is accessible through the index pages of OryzaExpress and ArthaExpress ( Supplementary Fig. S1 , Fig. 3E ). A query sequence(s) must be submitted in a single or multi-fasta format by pasting text or uploading a file. With transcript databases, the blastn, tblastn, and tblastx algorithms are executable, while blastp and blastx are available with protein databases. There are three options available: 'filter', 'e-value,' and 'maximum number of hits per query'. The 'filter' option corresponds to -dust or -seg options for nucleotide or peptide queries, respectively, in BLAST command line applications (Camacho et al. 2009 ). The default setting of the filter option is 'ON' (low complexity sequences will be filtered). The 'e-value' option defines the upper threshold e-value (0.1 by default) to limit the number of hit sequences to be displayed on a result page by e-value. The 'maximum number of hits per query' limits the number of hit sequences to be displayed on a result page to the number entered.
A result of a BLAST search is displayed for each query sequence in three styles: graphical view, list view, and align view (Fig. 3F) . The graphical view illustrates the region of the hit sequence matching the query sequence, and its significance by a color chart of bit scores. The list view simply indicates some indices obtained from the BLAST search such as identity, e-value, and bit score. The align view shows alignment of the query sequence and the hit sequences. In the graphical view and the list view, IDs of hit sequences are linked to a web page for detailed information on each gene.
ID converter
As in the previous version of OryzaExpress, the current version has a function named ID converter to convert IDs among RAP-DB locus IDs, MSU locus IDs, and probe IDs of the Agilent and Affymetrix microarrays. Likewise, ArthaExpress has an ID converter to convert IDs between AGI codes and probe IDs of the Affymetrix microarray. At present, these ID converters convert gene IDs to probe IDs only on the basis of our analysis of gene specificity of probes. We will soon update this function to enable conversion not only based on our analysis but also based on annotation tables provided by the manufacturers. For long-time users, the ID converter of the previous version of OryzaExpress remains available. This ID converter functions for RAP-DB locus ID, MSU locus ID, and probe ID of the Affymetrix microarray, but not the Agilent microarray. To access the previous OryzaExpress site while avoiding redirection to the new site, a hyperlink is provided on the top page of the current version of OryzaExpress.
Detailed information on genes and probes
A detail page for a gene has six types of content: related IDs or names, knowledge-based functional descriptions, expression profiles, GO terms, KO terms, and protein families and domains (Fig. 4) . Except for the expression profile, the information related to function of the gene is shared with PODC (Ohyanagi et al. 2015) . The expression profile is displayed as a line graph for each microarray platform. On the right side of the graph is a panel to control the appearance of the graph and expression data. This panel has three tabs labeled 'CONFIG', 'SAMPLE', and 'EXP. VALUE'. The CONFIG tab has four functions: to change the sorting order of the horizontal axis (microarray samples), to change the color of the plotted area, to change the scaling of the vertical axis (expression level), and to download the expression profile as an image or TSV file. The horizontal axis is sortable by microarray experimental series or biological conditions such as tissue (default) and treatment. When the color of the plotting area is set to ON, the area is color-coded according to the horizontal axis sorting. The scaling method of the vertical axis can be selected as no scaling, logarithm to base 10, or standardization by dividing by the maximum signal intensity of the gene. The SAMPLE and EXP. VALUE panels show concrete information on the sample and the expression level, respectively, according to the x-coordinate of the computer mouse's cursor on the plotting area.
A detail page for a probe has three types of content: the corresponding gene locus, other probes corresponding to the same locus, and neighbors on the global GENs constructed based on the statistical indices DCA, PCC, and PAC (namely, genes with a correlated expression profile in all available microarray data) as explained in a later section. For the last two types of content, expression profiles of the probes are again displayed as line graphs. The functions accessible on these graphs are essentially the same as those on the detail page for a gene.
Probe List and Sample List on MyList page
The MyList pages of the cross-species mode and the singlespecies mode are both comprised of a control panel on the left side and a main panel on the right side (Fig. 5A) . The left panel has three sections, labeled 'Probe List,' 'Sample List,' and 'Tools.' In the 'Probe List,' names of probe lists are displayed with the number of probes contained in the lists. Likewise, names of sample lists are displayed with the number of microarray samples contained in the lists. By clicking a list name in these sections, detailed information on the probes or microarray samples contained in the list is displayed in the main panel. The functionality of the main panel showing the detailed information is essentially the same as on the search result pages. In the 'Tools' section, functions that work with the saved lists are displayed. The repertoire of the functions is different for the cross-species and single-species modes, as explained in the following two sections.
Functions for analyses and list operation on MyList pages of OryzaExpress and ArthaExpress
In the 'Tools' of a MyList page of the single-species mode, nine functions are available. These functions are classified into four categories, labeled 'Gene Set Interpretation', 'Gene Expression Network Analysis', 'Basic Gene Expression Analysis', and 'List Management' (Fig. 5A) . The 'Gene Set Interpretation' currently involves a function labeled 'Enrichment Test', which is used to examine enrichment in gene functions such as GO terms and KEGG pathways in a probe list (Fig. 5B) . On selecting the name of this function on the control panel, a set of forms to determine statistical test conditions appears on the main panel. Before submitting this test, a probe list (a query), a microarray platform, and a test target must be selected using drop-down lists. As a test target, GO terms are already available and KEGG Fig. 4 Detailed information page for a gene. A detailed information page for a gene is composed of six sections, labeled 'Related ID/ Name' (blue box), 'Knowledge-based Functional Description' (red box), 'Expression Profile' (green box), 'Gene Ontology' (yellow box), 'Orthology & Pathway (KEGG)' (cyan box), and 'Protein Family and Domain (InterPro)' (black box). Details on the knowledge-based functional description such as information on an original article from which the functional description was extracted are hidden at first but can be shown by clicking the green button in the section. (Continued) pathways will be selectable soon. A result is displayed in a table with seven columns respectively showing:
(i) GO IDs, (ii) GO terms, (iii) the category of terms (biological process, (iv) molecular function, or cellular component), (v) the number of genes corresponding to the probes in the query list and assigned with the GO term, (vi) the number of all genes assigned with the GO term (background), (vii) the p-value of Fisher's exact test (Fisher 1922) , and the q-value obtained by the Q-value method (Storey and Tibshirani 2003) .
'Gene Expression Network Analysis' has two functions, named 'Network Construction' and 'Network Analysis'. 'Network Construction' constructs GENs using a user-selected dataset (Fig. 5C, D) . There are five things to set before submission for analysis (Fig. 5C) . First, an index to evaluate the correlation between probes must be selected (PCC or DCA) in a dropdown list. Second, using radio buttons, it must be indicated whether the index is to be calculated between probes contained in a query list, or between probes in the query list and all probes. In the latter case, a large number of probe combinations may lead to a long computational time or freezing depending on the dataset, particularly if the query list has a large number of probes. Thus, generally speaking, the query list should not contain more than 100 probes. The remaining steps are to select a query probe list, a query microarray sample list, and a microarray platform using drop-down lists. The result of a 'Network Construction' is shown in an interactive interface (Fig. 5D ). This interface is comprised of a graphical network viewer and three tabs labeled 'NODES', 'ACTION', and 'EXPRESSION PROFILE'. The network viewer displays resulting GENs with nodes corresponding to probes and edges corresponding to detected correlations (similar expression profiles for the two probes). The nodes are selectable in the viewer, and the selection automatically reflected on the 'NODES' and 'EXPRESSION' tabs; on the 'NODES' tab, information on probes is displayed in a table which is the same as the one on the gene search result page. The selection of nodes in the network viewer acts as a filter on this table. On the 'ACTION' tab, the threshold PCC or DCA can be changed with a slide bar; in response to sliding the thumb selector over the slide bar, nodes and edges can be added or removed from the network viewer. A layout algorithm to arrange the nodes is selectable from the drop-down list below the seek bar; by clicking the green button labeled 'LAYOUT', the nodes are laid out again using the selected algorithm. In addition, the 'ACTION' tab has a function to save information on the constructed GEN as a JSON file in the user's local storage. This JSON file is used for subsequent analysis steps such as 'Network Analysis' and comparative GEN analysis in the cross-species mode. On the 'EXPRESSION PROFILE' tab, expression profiles of probes selected in the network viewer are represented as line graphs, which are functionally the same as the graphs shown on the detailed information pages for genes and probes.
A result of GEN construction in 'Network Construction' may contain multiple independent networks comprising a number of nodes. In such a case, it can be difficult to interpret the GEN structures in the graphical representation. 'Network Analysis', which is listed below 'Network Construction' in the left panel, provides a function for isolating each independent network from the complex GEN information (Fig. 5E) . In this function, two types of query are selectable using radio buttons. One is the JSON file saved in 'Network Construction'. With the selected file correctly parsed by the system, the file name, microarray platform, number of nodes, and number of edges are indicated. Another selectable query type is a probe list. When a probe list is selected as a query type, the correlation between the probes in the list is retrieved from information on global GENs that have been pre-calculated using all microarray data stored in PlantExpress, as explained later. The result of this function is indicated as a table, where each row shows information on an independent GEN, namely, the name given to the network and the number of edges and nodes comprising the GEN. The name is generated by concatenation of a base name, which is given in a form located at the top of the result section, and the string '_Network_NX', where 'X' is a number computationally assigned to identify each GEN. The generated names are used as file names when downloading the results as local files. Each row of the result table also provides links to the GEN Viewer through the text 'Shown on Viewer'. By clicking this hyperlink, the isolated GEN is graphically illustrated in the GEN Viewer. The functionality of the GEN Viewer is explained later.
'Basic Gene Expression Analysis' currently contains four functions, 'Gene Expression Profile', 'MA Plot', 'Correspondence Analysis', and 't-Test' (Fig. 5F-I ). 'Gene Expression Profile' is used to browse the expression profile of selected probes in selected microarray samples as a line graph and to download the expression data as an image or TSV file (Fig. 5F) . 'MA Plot' is used to visualize intensity ratio (M) and average intensity (A) for two selected microarray samples in a scatter plot, where 'M' and 'A' are represented on the horizontal and vertical axes, respectively (Fig. 5G) . 'Correspondence Analysis' is used to classify probes and samples based on their expression profiles. In the resulting space (plot area), probes or microarray samples with higher similarity have closer coordinates on the plot (Fig. 5H) ; 't-test' is used to explore probes that have significantly different expression levels between two sample lists based on Welch's t-test (Welch 1947) (Fig. 5I) . The results obtained using these 'Basic Gene Expression Analysis' functions can be saved as probe lists and/or sample lists.
'List Management' harbors the 'List Operation' and 'Export/ Import/Delete' functions (Fig. 5J, K) . 'List Operation' is used to obtain the union, intersection, or exclusion of probe or sample lists (Fig. 5J) . 'Export / Import / Delete' is mainly used to export all probe lists and sample lists in bulk as a local file for backup, or to import a file (Fig. 5K) . Since the import of a backup file overwrites all current information in the 'MyList' stored by the Internet browser, before importing one, it is recommended to make sure that the current lists have already been saved in another file or that the lists are no longer necessary. To clean up all lists, the red 'DELETE' button is available at the bottom of the main panel. In addition to exporting a probe list as a local file, it can be directly exported to PODC. In the export to PODC, the probes are converted to gene loci, and the information is then sent to PODC where the transcripts transcribed from the loci are listed.
Analytical functions on a MyList page of PlantExpress
The 'Tools' section of the 'MyList' page in the cross-species mode provides three functions. The first function, 'Ortholog / Paralog,' is used to obtain probes for orthologous or paralogous genes (Fig. 6A) . First, the source database (species) is selected from OryzaExpress (rice) or ArthaExpress (Arabidopsis) from a drop-down list. After selection, the names of probe lists, currently held by the selected database, are shown with checkboxes; by clicking the checkboxes, one or more probe lists can be chosen as a query. Next, a target database (species) selection can be made from OryzaExpress (rice) or ArthaExpress (Arabidopsis) from another drop-down list. When the selected source database and target database are different, this function works by searching for orthologs by the following steps:
(i) the probes in the query are converted into gene loci (query genes); (ii) genes orthologous to the query genes are searched for in the database of the other species; (iii) the orthologous genes are converted into probes; and then (iv) the resulting probes are returned as a search result.
When the selected source database and target database are the same, this function works by searching for paralogs through essentially the same steps as the ortholog search, but paralogous genes are searched for within the same species.
The second function, 'Network Analysis,' is the key function to perform comparative GEN analysis between the species (Fig. 6B) . Although the submissions form of this analytical function is almost the same as that of 'Network Analysis' in the single-species mode, an extra option, 'GENs conserved among species' is available in cross-species mode. By selecting this option, this function explores GENs conserved between the species. A result is displayed in the same way as in the 'Network Analysis' of the single-species mode. The third function, 'Network Viewer,' is explained in the next section. 
Network Viewer
Graphical representation of a GEN provides an effective overview of the network. To promote data mining from GENs, PlantExpress was implemented with a graphical network viewer, named 'Network Viewer', which employs a JavaScript library, Cytoscspe.js (Franz et al. 2016) (Fig. 7) . In both single-and cross-species modes, there are two routes to access the Network Viewer. One route targets users who would like to quickly access the pre-calculated GENs (explained later) without preparing a microarray sample list and analysis in PlantExpress. Links to this route are in the menu ('Gene Expression Network') on the top and index pages and on the global page head (Fig. 2A, Supplementary  Fig. S1 ). Through this route, GENs based on the pre-calculation are drawn on the Network Viewer page by submitting a probe list(s) on a guide page. Another route is provided as a function of the 'MyList' page in cross-species mode. Clicking 'Network Viewer' at the bottom of the left panel of the 'MyList' page directly opens the Network Viewer page; thus, the network information can be loaded using functions implemented on the Network Viewer page.
On the Network Viewer page, scale and position controllers are available at the upper-left corner of the page (Fig. 7A) . On the right side, four icons, representing four categories of functions and information, are displayed (Fig. 7A) . The icon in the shape of a gear wheel provides access to a series of functions categorized as 'Config.' Using functions in 'Config', visual features of the network graph such as color and size of the nodes and edges can be modified in bulk (Fig. 7B) . The icon in the shape of a wrench provides access to another series of functions categorized as 'Action'. When directly moved from the 'MyList' page, a window of this category is opened by default since it involves a function to load prepared network information. Besides the loading function, functions to download the GEN information as an image or JSON file, to save the probes corresponding to the nodes (genes) selected on the network graph, to omit selected nodes from the network graph, and to regraph with selected algorithms are available, as well as to trace the operation history on the current GENs. The icon appearing as the letter 'i' provides access to general information on the current GENs categorized as 'GEN Data', namely, the number of nodes and edges for each species. The icon in the shape of a question mark provides access to information categorized as 'Network Legend', namely, legends explaining the meaning of graphical symbols (nodes, edges, and colors).
While the functions under 'Config' and 'Action' are used for system-wide control of the network graph, there are also functions that act on each node: 'Locus information', 'Edit style', 'Omit this node', and 'Select connected nodes' (Fig. 7B) . These functions can be accessed by right-clicking on a node and holding down. By selecting 'Locus information' a detail page of the gene (node) is opened in a new tab. By selecting 'Edit style' a window is opened to modify the visual features of the single node (Fig. 7B) . By selecting 'Omit this node' the node is omitted from the network graph. By selecting 'Select connected nodes' other nodes that are connected to the clicked-on node by any edge are selected. These functions assist users in generating a figure of GENs with enhanced representation (Fig. 7D) .
Global GENs pre-calculated using all microarray data
While optimization of a dataset is crucial for a typical GEN analysis, there remains the idea that analyzing all data points acquired under any biological conditions may illustrate essential GENs. In order to construct global GENs employing all available microarray data, the Euclidian distance in correspondence analysis space (DCA), Pearson correlation coefficient (PCC), and partial correlation coefficient (PAC) were calculated as in the previous version of OryzaExpress (Hamada et al. 2011 ). Correspondence analysis is a projection method used to explain major trends rather than minor fluctuations, and has been applied to transcriptomic analysis (Kishino and Waddell 2000 , Fellenberg et al. 2001 , Yano et al. 2006 ). The PCC is a statistical measure representing a linear relationship between two variables and is thus widely used to observe correlations between genes in expression levels (Ma et al. 2007 ). The PAC is a statistical measure used to uncover hidden direct relationships between two variables (genes) by controlling effects of indirect relationships mediated by other variables (Toh and Horimoto 2002 , Ma et al. 2007 , Chang et al. 2010 . The calculated DCA values are distributed asymmetrically, while the PCC and PAC values are symmetrically distributed ( Supplementary  Fig. S2 ).
Using the calculated indices, probe pairs showing a significant association were extracted in the following way. First, as for DCA, the top 0.1% of probe pairs located most closely together in the space summarized by CA were extracted as probes showing significantly similar profiles, following a threshold previously described (Ohyanagi et al. 2015) , resulting in 1,179,340 probe pairs selected from the rice_agil microarray, 546,322 from rice_affy and 130,314 from artha_affy. Among the extracted probe pairs, the largest (threshold) DCA was 0.045 for rice_agil, 0.058 for rice_affy, and 0.076 for artha_affy. These raw DCA values were relative within the space of each analysis, and thus not informative for comparative analysis. Therefore, the DCA values of extracted probe pairs were standardized by dividing by the threshold DCA values before storage in the database. Next, probe pairs showing PCC values greater than 0.7 were extracted as strongly positively correlated probes, resulting in 8,933,722, probe pairs selected from the rice_agil microarray, 1,559,014 from rice_affy, and 131,040 from artha_affy. Then, by evaluating the PAC values, probe pairs showing a Z-score larger than 3.10 were extracted as significantly positively associated probes, resulting in 1,501,572, probe pairs selected from the rice_agil microarray, 721,810 from rice_affy, and 129,474 from artha_affy. Among these extracted probe pairs, the smallest (threshold) PAC value was 0.124 for rice_agil, 0.075 for rice_affy, and 0.111 for artha_affy. The PCC and PAC values satisfying the thresholds were stored in PlantExpress without any normalization.
The information on the probes and the indices extracted as described above was used to construct GENs. First, the genespecific probes were assigned to the corresponding genes, represented by nodes in a network graph. Next, when a probe pair showed a significant value for any index, the two nodes involving the two probes were connected by an edge. By repeating this step for all of the extracted probe pairs, global GENs were constructed. Information on the global GENs is accessible via probe and gene detail pages, and the MyList page.
Comparison of global GENs constructed using PCC, PAC, and DCA While each index used to construct the global GENs has a different aim in principle, overlap among the global GENs constructed using PCC, PAC, and DCA was investigated for each dataset (rice_agil, rice_affy, or artha_affy) to clarify consistencies and differences. The overlap was a small proportion for all datasets but greater than expected by chance (Fig. 8) . A small overlap is not surprising since the three measurements are indices representing distinct aspects of the association.
In order to see how the methods worked, several examples were manually observed. Among the extracted probe pairs, two probes, Os06g0146300jmRNAjAK101052jCDS+3 0 UTR (called probe_1 for convenience hereafter) and Os06g0245800j mRNAjAK066714jCDS+3'UTR (probe_2), showed PCC values greater than 0.95 with another probe, Os05g0575300j mRNAjAK058719jCDS+3 0 UTR (probe_3). On the other hand, evaluation using DCA extracted the pair probe_1 and probe_3 but not the pair probe_2 and probe 3. Whereas the fluctuation patterns of the three probes looked similar, probe_2 showed lower expression in several tissue types such as root, ovary, mesocotyl, and inflorescence compared with the other probes ( Supplementary Fig. 3 ). This observation probably reflects the function of correspondence analysis to distill major trends. We also found a probe pair that exemplifies PAC's function to reveal hidden relationships. In rice, RFT1 (Os06g0157500) is involved in up-regulation of OsMADS15 (Os07g0108900) in flowering (Komiya et al. 2008 ). However, this relationship was not detected by PCC: Probes for RFT1 (Os06g0157500jmRNAjAB062676j CDS+3 0 UTR) and OsMADS15 (Os07g0108900jmRNAj AK072683jCDS+3 0 UTR) showed a PCC value of 0.43, which was below the threshold. On the other hand, their relationship was detected by PAC (PAC = 0.15, Z = 3.75).
To statistically evaluate the results obtained from the different methods, the global GENs were compared with the gene-togene relationships obtained from knowledge-based functional annotation (Supplementary Table S3 ). On all microarray platforms, the GENs constructed based on PCC contained known functional relationships of genes at significantly higher frequencies than expected by chance. In the GENs constructed based on PAC, the frequency was significantly higher than expected by chance only for the rice_affy microarray. In the GENs constructed based on DCA, the frequency was not significantly different on any microarray platform. Thus, PCC showed the best consistency with previous studies compared with DCA and PAC.
An example of gene mining procedure in PlantExpress
Here, an example of workflow for data mining with single-species and cross-species GEN analyses in PlantExpress is described. In this case study, GENs are first constructed in both rice and Arabidopsis by exploring genes correlated with dehydrationresponsive element-binding (DREB) transcription factor genes in drought-treated roots. After the single-species analysis, GENs conserved between the two species are extracted.
First, referring the knowledge-based functional description stored in PlantExpress, DREB genes that have been reported to be involved in drought response are collected as the following (Supplementary Fig. S4) . A gene search for the keyword 'DREB' on the top page (Figs. 2A, 3A ) retrieves 106 and 25 probes respectively for 28 genes of rice and 34 of Arabidopsis ( Supplementary Fig. S4A ). By clicking 'OryzaExpress' in the search result (Fig. 3A) , a gene search result page of OryzaExpress is displayed, showing the retrieved genes and probes of rice in a table (Supplementary Fig. S4B ). To obtain genes that are annotated as evidently involved in drought response, the result is filtered by the keyword 'drought' in the column 'Knowledge-based functional description' (Supplementary Fig. S4B, C) . Among the four genes remaining after filtering, three are DREB genes located on chromosomes 1 and 9 (Os01g0165000, Os09g0522000, and Os09g0522200) while another gene on chromosome 7 (Os07g0261200) is not a DREB gene. By additional filtering with 'Os01g' and 'Os09g' in the 'Gene Locus' column, only the three DREB genes are shown in the table (Supplementary Fig. S4D ). To save the probes for the remaining genes, after selecting the 'Filtered' option, the red 'ADD TO LIST' button is clicked, an arbitrary name for a new probe list is entered (OsDREB_1, here), and then '+New' is clicked ( Supplementary Fig. S4E ). In the 'Probe List' of the MyList page, 16 probes corresponding to the three DREB genes are saved as a list with the name given by the user (Supplementary Fig. S4F ). Arabidopsis DREB genes that are annotated as involved in drought response are also saved as a probe list (AtDREB_1) in ArthaExpress by almost the same procedure, but filtering in the 'Gene Locus' column is not needed (Supplementary Fig. S4H ). The saved probe list AtDREB_1 contains four probes corresponding to four genes ( Supplementary Fig. S4I) .
Second, the probe lists are justified by mutual searches for orthologs between rice and Arabidopsis ( Supplementary Fig.  S5 ). In the 'Ortholog/Paralog' function of the cross-species mode (Fig. 6A) , a search selecting OryzaExpress as the source database, OsDREB_1 as the source probe list, and ArthaExpress as the target database results in no probes found ( Supplementary Fig. S5A ). Thus, the existing probe list of Arabidopsis (AtDREB_1) will be used as it is in the later step for constructing Arabidopsis GENs. Another search switching the selected databases and using AtDREB_1 as the source probe list results in five probes found ( Supplementary Fig. S5B ). These five probes are saved as a new list (OsDREB_2). To combine the two probe lists of rice (OsDREB_1 and OsDREB_2), the 'Union' function in 'List Operations' (Fig. 5J) of OryzaExpress is used. To make a new list containing all probes in OsDREB_1 and OsDREB_2, after selecting 'Probe List' for the target list type, checkboxes for both OsDREB_1 and OsDREB_2 are checked in the 'Union', the 'SAVE LIST' button is clicked, a name for a new list (OsDREB_3) is entered, and then '+New' is clicked ( Supplementary Fig. S5C ). The resulting list (OsDREB_3; Supplementary Fig. S5D ) will be used as it is in the later step for constructing rice GENs.
Third, microarray samples from plants under drought stress and control samples are collected ( Supplementary Fig. S6 ). On the advanced search pages (Fig. 3D) of OryzaExpress and ArthaExpress, a search is performed by selecting 'Biological condition of microarray sample' as the search target and using 'drought' as the keyword for 'Experiment type' (Supplementary Fig. S6A ). In rice, 100 samples are retrieved as a search result (Supplementary Fig. S6B ). These rice samples were all analyzed with the Affymetrix platform and prepared from root (20 samples), leaf (74 samples), and panicle (6 samples) tissues. In Arabidopsis, 194 samples are retrieved as a search result. These Arabidopsis samples were prepared from root (26 samples), leaf or rosette leaf (92 samples), flower bud (18 samples), inflorescence (16 samples), whole plant (24 samples), shoot (14 samples), and unknown (four samples) tissues. Thus, root and leaf are the tissue types that are commonly available in rice and Arabidopsis. Depending on the purpose, users may make a sample list only with root samples, only with leaf, or both with root and leaf or may further narrow down the samples by filtering in other fields, such as 'Genetic background'. Here, the 20 and 26 root samples of rice and Arabidopsis, respectively, are used. After filtering with the keyword 'root' in the 'Tissue' field, the filtered samples are saved as a sample list for each species (Os_root_drought for rice and At_root_drought for Arabidopsis).
Fourth, genes showing an expression profile correlated with the DREB genes are explored and GENs are constructed in each species (Supplementary Fig. S7 ). To construct rice GENs, the 'Network construction' function on the MyList page of OryzaExpress is used (Supplementary Fig. S7A ). In that function, the calculation method is first defined by selecting a statistical measurement from PCC and DCA, and selecting 'b/w probes within a selected list' or 'b/w probes in a selected list and all probes' to determine probes targeted in evaluating correlation (Fig. 5C) . As a measurement, PCC is selected in this study. For targeted probes, 'b/w probes in a selected list and all probes' is selected since the purpose is to explore genes correlated with the probes in OsDREB_3. Selecting a probe list (OsDREB_3), a sample list (Os_root_drought), and a platform (Affymetrix), the 'SUBMIT' button is clicked ( Supplementary  Fig. S7A ). Afterward, a network containing two larger nodes and 12 smaller probes is displayed in a graphic area; information and tools are displayed on three tabs ('NODES', 'ACTION', and 'EXPRESSION PROFILE') of the panel below the graphic area ( Supplementary Fig. S7B ). The 'ACTION' tab indicates that 0.95 is currently applied for the threshold value of PCC ( Supplementary Fig. S7C ). Here, by sliding the seek bar, 0.75 is employed as the threshold (Supplementary Fig. S7C ). Then, the networks are exported as a local file (named Os_network) using the 'Export for Network Analysis' function in the 'ACTION' tab ( Supplementary Fig. S7D ). Through the same steps with the AtDREB_1 probe list and the At_root_drought sample list in ArthaExpress, another local file for Arabidopsis GENs (At_network) is generated.
Fifth, from the two locally saved files (Os_network and At_network) for rice and Arabidopsis GENs, conserved networks are extracted ( Supplementary Fig. S8 ). For that, the 'Network Analysis' function on the MyList page of cross-species mode is used (Fig. 6B) . The 'GENs conserved among species' and 'Network Files' are selected for 'GEN construction method' and 'Query type', respectively. After uploading the files (Os_network and At_network) as a query, the 'SUBMIT' button is clicked. This extracts a network containing 36 nodes connected by 66 edges (Supplementary Fig. S8B ). To save the result, a file including the information on the extracted GEN should be downloaded to the user's local storage, giving it an arbitrary base name: giving it 'DREB_CNSV_GEN' as a base name, the file name will be 'DREB_CNSV_GEN_Network_N0.compressed.json'. To quickly browse the extracted GEN on the Network Viewer (Fig. 7) , 'Show on Viewer' is clicked ( Supplementary Fig. S8B, C) .
Last, the gene set comprising the conserved GEN is interpreted. In current PlantExpress, information in 'knowledgebased functional description' and 'Enrichment test' function are the most useful for the interpretation. To utilize them, the genes in the GEN have to be saved as a probe list. To save lists of rice and Arabidopsis genes involved in the conserved GEN in the Network Viewer, all nodes are selected by dragging the mouse over them. The 'Action' window is opened by clicking the wrench icon on the right side, and then the 'SAVE' button in the box entitled 'Save probes corresponding to selected locus' is clicked after entering a name for each of the new probe lists (DREB_CNSV; Supplementary Fig. S9 ). The new probe list in OryzaExpress contains 62 probes corresponding to 15 gene loci of rice; the list in ArthaExpress contains 21 probes corresponding to 21 gene loci of Arabidopsis. Here, it should be noted that these lists contain all probes corresponding to all genes (nodes) selected in the Network Viewer, even the probes that were initially not included in the query of the 'Network Analysis' step.
To get a quick overview of the knowledge-based functional descriptions annotated to the genes in a probe list, the list is selected from 'Probe List' on the MyList page and the table displayed is scanned. Of the 15 rice genes, four genes, namely OsEATB (Os09g0457900), OsMAPK5 (Os03g0285800), WRKY24 (Os01g0826400), and WRKY53 (Os05g0343400) are annotated with a knowledge-based functional description. The description indicates that at least OsMAPK5 has been implicated in drought and other stress tolerance while WRKY53 and OsEATB have been implicated in oxidative response and regulation of gibberellin biosynthesis (Xiong and Yang 2003 , Qi et al. 2011 , Van Eck et al. 2014 . In Arabidopsis, AtMAPK13 (AT3G45640), LOX3 (AT1G72520), NHL3 (AT5G06320), PUB19 (AT1G60190), WRKY33 (AT2G38470), WARKY46 (AT2G46400), WARKY53 (AT4G23810) as well as the DREB family genes (AT1G12610, AT4G25480, AT4G25490, and AT4G25470) are annotated with a knowledge-based functional description. The description indicates that among the non-DREB genes, PUB19 has been implicated in drought response (Liu et al. 2011) ; the other non-DREB genes, which have not been annotated as drought-related, are candidates for novel genes involved in drought response. However, a deeper literature search is clearly required for conclusions based on the preliminary interpretation since manual curation for knowledge-based functional description is ongoing.
The 'Enrichment test' function is available on the MyList pages of the single-species mode (Fig. 5B) . A GO enrichment test in OryzaExpress using the probe list (DREB_CNSV) as a query indicates that GO terms related to transcription factors (i.e. GO:0001071, GO:003700, GO:0006355, and GO:2001141) are mainly enriched in this list. On the other hand, the same test in ArthaExpress shows enrichment of not only transcription-related GO terms but also other terms such as responses to stress and exogenous stimuli (i.e. GO:0051707, GO:0009607, GO:0006950, GO:0009605, etc.). Among the GO terms enriched (p < 0.01, q < 0.01), 'response to stimulus' (GO:0050896) is assigned to the most genes: 14 of the 21 genes. A literature search was performed for the other five genes that are not assigned with the GO term. However, their functions in response to stimulus are unclear; they are thus perhaps interesting candidates for novel genes related to stress responses.
Discussion
In this study, we established a platform for microarray databased GEN analysis both in a single species and cross-species.
Using the analytical functions implemented in PlantExpress, GENs, which are often quite complex, are easily constructed with large-scale omics data and then broken down to humangraspable units so that the GENs can be closely interpreted. For example, as shown in the example with the DREB genes, a conserved network module can be extracted from complex GENs very easily (Supplementary Fig. S8 ).
In PlantExpress, GEN analysis is now performable with a user-selected dataset using the MyList function. Hence, analytical tools in PlantExpress will enhance our understanding of regulatory systems for gene expression and gene functions by helping to illuminate differences in GENs among biological conditions such as different tissues and environmental stimuli. For instance, when using all data obtained from rice roots in a genetic background of the Nipponbare cultivar on the Affymetrix platform, a histidine kinase gene, OsHK3 (Os01g0923700) and type-B response regulator (OsRR) genes OsRR23 (Os02g0796500), OsRR24 (Os02g0182100), and OsRR26 (Os01g0904700) composed a GEN by applying 0.7 as a threshold PCC (data not shown). OsHK3 encodes a cytokinin receptor, and the three OsRRs encode transmitters of cytokinin signals (Ito and Kurata 2006 , Pareek et al. 2006 , Du et al. 2007 , Schaller et al. 2007 ). On the other hand, by a GEN analysis using another dataset derived from Nipponbare leaves, the above-mentioned four genes did not produce a network, suggesting that the cytokinin signaling system is regulated differently between roots and leaves in rice. By selecting the dataset based on the user's expert knowledge, a more informative and accurate indication can be effectively gained from the public microarray data in PlantExpress.
In addition to the functions for GEN analysis with the selected dataset, PlantExpress also provides information on global GENs constructed using three different indices, DCA, PCC, and PAC, calculated from all data available. The global GENs contain several known gene-to-gene relationships ( Supplementary  Table S3 ), suggesting usefulness of this information. In particular, the global GENs constructed using PCC showed the best consistency with the known relationships (Supplementary Table S3 ). This might reflect the fact that PCC has been employed in the majority of previous studies or, alternatively, it might indicate that PCC is the most powerful measurement of the three for detecting biologically meaningful relationships. Since there is no method that can detect every relationship, the different measurements should be utilized in a complementary manner.
Although the functions of PlantExpress are already powerful, there remain issues to making further progress. For instance, when constructing GENs using a user-selected dataset, the number of probes (genes) has to be limited to ensure a realistic computation time using the power of a local personal computer. To remove this limitation, we are considering several choices such as improving the calculation algorithm, changing the script language, and employing server-side calculation. Another example of a limitation is that only the microarray data that we collected from the public domain are usable for the analysis, while users may wish to analyze their own data not yet open to the public. Developing a system for analyzing uploaded data in PlantExpress will take time, since there are many issues to be solved such as computing resources, secure management of user accounts and data, the user interface, and consistent normalization between existing and uploaded microarray data. For GEN analysis using correspondence analysis, we have developed and distributed CA_Plot_Viewer graphical interface software (http://bioinf.mind.meiji.ac.jp/lab/ en/tools.html). Thus, for a quick solution, this software is usable for a local GEN analysis of the user's own data.
Already, great resources including time, expense, and human resources have been spent obtaining transcriptome data throughout the world. Establishment of methods and platforms to extract biological insights from transcriptome data is important to maximize the value of these expensive data. To accomplish this goal, we aim to consistently improve PlantExpress as done by the research community for other transcriptomic databases. Such as ATTED-II (Aoki et al. 2016a) , AtCAST (Kakei and Shimada 2015) , ALCOdb (Aoki et al. 2016b) , ComPlEx (Netotea et al. 2014) , Expressolog Tree (Patel et al. 2012) , TENOR (Kawahara et al. 2016) , PlaNet (Mutwil et al. 2011) , PlantGenIE (Sundell et al. 2015) , and PODC (Ohyanagi et al. 2015) . Also, we are headed toward supporting additional plant species such as Zea mays and Glycine max, for which a significant amount of microarray data seems to be available in the GEO database.
Materials and Methods
Construction of the databases
PlantExpress was developed as a database that is freely available to use without any registration or sign-in. These websites are accessible through the Internet with a web browser since they were built on a typical client-server system using Linux (CentOS release 6.8, 64-bit) as the operating system, Apache HTTP server (version 2.2.31) as the Web server, MySQL (version 5.6) as the relational database management system, PHP (version 5.6) for the server-side processing, and JavaScript for the client-side processing. To implement rich UI applications, JavaScript libraries: jQuery (http://jquery.com), Vue (http://vuejs.org/), Materialize-css (http://materializecss.com/), Font-awesome (http://fontawesome.io/), D3 (http://d3js.org) and Cytoscape.js (http://js.cytoscape.org/) were used.
Microarray data
Microarray gene expression data of rice and Arabidopsis obtained by the onecolor method with the Agilent Rice Gene Expression 4x44K Microarray (accession no. GPL6864), Affymetrix Rice Genome Array (GPL2025), or Affymetrix Arabidopsis ATH1 Genome Array (GPL198) were collected from the repository database GEO (Barrett et al. 2013) . Using R software (R Core Team 2015), collected microarray data were normalized by the MAS5 method, applying the 'affy' library (Gautier et al. 2004) for the Affymetrix platforms, or by the robust multi-array average (RMA) method, applying the 'limma' library (Ritchie et al. 2015) for the Agilent platform. To display gene expression levels, logarithmic values produced by the RMA normalization were converted to linear values and stored in the database. For analyses with the 'MyList' functions, linear values produced by the MAS5 normalization were converted to logarithmic values in base 2 and then stored in the databases after rounding up negative values to 0.
Calculations for GEN construction with global expression data
Calculations for GEN construction using all microarray data of each platform and both species used the logarithmic scale expression data stored in the databases. CA and calculation of Euclidian distance in the CA space were performed as described previously (Yano et al. 2006 , Hamada et al. 2011 , and the top 0.1% of probe pairs located closer in the space obtained by CA were extracted as probe pairs sharing similar profiles using the approach of a previous study (Ohyanagi et al. 2015) . Although PCC values were also calculated following the equations described by Hamada et al. (2011) , the threshold was changed: probe pairs showing PCC values greater than 0.7 were extracted as strongly correlated probe pairs. 
